V 




COPY OF PAPERS 
ORIGINALLY FILED 



TRANSLATION 



I, Hirofumi Fujimoto, residing at 3-9-3-502, Hikarigaoka, Nerima-ku, 
Tokyo, Japan, state: 

that I know well both the Japanese and English languages; 

that I translated, from Japanese into English, the description, claims, 
abstract and drawings of International Application 
No. PCT/JP99/01055, filed March 4, 1999; 

that the attached English translation is a true and accurate translation 
to the best of my knowledge and belief. 

Dated: June 25, 2002 





JV3V. 




# RECEIVED 

JUL 2 3 2002 



PCT 

December 03 , 199 9 
Received 



AMENDMENT 

[Under Article 11 of the Patent Cooperation Treaty] 
Takahiko Kondo, Commissioner, Patent Office 
(Junichi Imai, Examiner, Patent Office) 

1. International Application Number 

PCT/JP99/01055 

2. Applicant 

TOKYO ELECTRON LIMITED 



RECEIVED 

JUL 2 3 2002 

TC 1700 



Name: 
Address : 



3-6, Akasaka 5-chome, Minato-ku, 
Tokyo 107-8481 JAPAN 



COPy ( 



JAPAN 
JAPAN 



Country: 
Address: 
Agent 

Name: (5847) Takehiko Suzuye, Patent Attorney 



Address 



c/o SUZUYE & SUZUYE, 7-2, Kasumigaseki 
3-chome, Chiyoda-ku, Tokyo 100-0013 
JAPAN 



Date of Order for Amendment 

05. 10. 99 
Items of Amendment 

CLAIMS 



t 



6. Contents of Amendments 

(1) Amend claims 1 and 6 as indicated in the attached 
sheets. 

(2) Delete claim 5. 

(3) Keep claims 2 to 4 and 7 to 12 in the present 

form. 

7. List of Documents Attached 

Attached is a copy of each of 27 27-1, 28 , 28-1 and 29 
which correspond to the amended claims. 



( 



f 



27 

CLAIMS 

1. (Amended) A process apparatus including 
an airtight process vessel, an exhaust system for 
exhausting gas from the process vessel, and a baffle 
plate for partitioning the process vessel into a 
process chamber for processing an object and an exhaust 
passage communicating with the exhaust system, 

wherein the baffle plate has a plurality of slits 
through which the process chamber and the exhaust 
passage communicate with each other; 

each slit has a tapered surface on an inner 
surface toward the process chamber, the tapered surface 
being formed to not less than 1/4 of a depth of the 
slit; and 

an angle 6 between the tapered surface and 
a perpendicular crossing an open end of the slit at 
right angles falls within a range from 5° to 30° 
(5° ^ 6 ^ 30° ). 

2. The process apparatus according to claim 1, 
wherein the tapered surface is formed to not less than 
1/2 of the depth of the slit. 

3. The process apparatus according to claim 2, 
wherein the baffle plate is shaped like a ring, and the 
plurality of slits are arranged radially on an entire 
circumferential surface of the baffle plate. 

4. The process apparatus according to claim 2, 
wherein each slit extends in a radial direction of the 
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baffle plate, and the tapered surface extends in the 
radial direction. of the baffle plate on either side of 
the slit and inclines from an opening rim of the slit, 
which faces the process chamber, toward the exhaust 
passage in which direction the opening of the slit is 
narrowed . 
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5- (Deleted) 

6. (Amended) A process apparatus including 
an airtight process vessel, an exhaust system for 
exhausting gas from the process vessel, and a baffle 

5 plate for partitioning the process vessel into a 

process chamber for processing an object and an exhaust 
passage communicating with the exhaust system, 

wherein the baffle plate has a plurality of slits 
through which the process chamber and the exhaust 
10 passage communicate with each other; 

each slit has a tapered surface on an inner 
surface toward the process chamber, the tapered surface 
being formed to not less than 1/4 of a depth of the 
slit; and 

15 each slit has an enlarged opening facing the 

exhaust passage, the enlarged opening extending from 
an opening rim of the slit, which faces the exhaust 
passage, toward the process chamber and having an 
inside diameter which is larger than a minimum inside 

20 diameter of a process-chamber-side portion of the slit 

on which the tapered surface is formed. 

7. The process apparatus according to claim 6, 
wherein the tapered surface and the enlarged opening 
are each formed to 1/4 to 1/2 of the depth of the slit. 

25 8. The process apparatus according to claim 6, 

wherein the baffle plate is shaped like a ring, and the 
plurality of slits are arranged radially on an entire 
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circumferential surface of the baffle plate. 

9. The process apparatus according to claim 6, 
wherein each slit extends in a radial direction of the 
baffle plate, and the tapered surface extends in the 
radial direction of the baffle plate on either side of 
the slit and inclines from an opening rim of the slit, 
which faces the process chamber, toward the exhaust 
passage in which direction the opening of the slit is 
narrowed . 
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10- The process apparatus according to claim 9, 
wherein the enlarged opening and the process-chamber- 
side portion of the slit where the tapered surface is 
formed communicate with each other through a passage 
5 having a same section and size as those of a region 

surrounded by an inner rim of the tapered surface. 

11. The process apparatus according to claim 6, 
wherein an angle 0 between the tapered surface and 
a perpendicular crossing an open end of the slit at 

10 right angles falls within a range from 30° to 60° 

(30° ^ 0 ^ 60° ). 

12. The process apparatus according to claim 6, 
wherein a width Wl of an opening of the slit, which 
faces the process chamber, and a width W2 of an opening 

15 of the slit, which faces the exhaust passage, are set 

so as to satisfy a condition of 1 ^ W2/W1 ^ 1.4. 
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The present invention relates to a process 
apparatus for performing a process, such as etching, 
on an object such as a semiconductor wafer. 



A magnetron-type plasma process apparatus that is 
generally known comprises a gas-tight process vessel, 
an upper electrode provided in the vessel, a lower 
electrode provided in the vessel and opposing the upper 
electrode, and a magnet surrounding a plasma region 
provided between the upper and lower electrodes. 

To perform a plasma process on an object by the 
use of such a magnetron-type plasma process apparatus, 
the object is mounted on the lower electrode. Then, 
the process gas is introduced into the process vessel. 
The process vessel is evacuated, whereby a low-pressure 
atmosphere is maintained in the vessel. Thereafter, 
high-frequency power is supplied to the lower 
electrode, thereby generating plasma in the process 
vessel . 

Generally, a plasma process apparatus of this 
type has a baffle plate, which partitions the process 
vessel into a process chamber and an exhaust passage. 



An object to be processed is placed in the process 
chamber. The exhaust passage communicates with an 
evacuation mechanism. The baffle plate is provided 
between the side of the lower electrode and the inner 
surface of the process vessel and surrounds the lower 
electrode. The baffle plate has a plurality of slits 
that extend in the radial direction, connecting the 
process chamber and the exhaust passage, (The chamber 
and the passage communicate with each other through 
these slits.) Thus, the baffle plate partitions the 
plasma region while the process is undergoing. This 
increases the density of plasma in the process chamber. 
Further, the conductance between the process chamber 
and the exhaust passage is maintained in a prescribed 
condition since the gas is guided from the chamber into 
the passage through the slits. Thus, the gas can be 
exhausted from the process chamber in a stable 
condition. 

The baffle plate has the function of holding the 
reaction product made by the process, thus reducing the 
amount in which the reduction product flows into the 
exhaust passage. The reaction product deposits on that 
surface of the baffle plate which is exposed to the 
process chamber (i.e., the surface of the plate facing 
the chamber). The amount of deposition is proportional 
to the time of process. If the product deposits on the 
rims of the slits though which the gas flows from the 
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process chamber, the slits will become narrower. 
Consequently, the pressure in the process chamber will 
rise. This impairs the uniformity of etching in the 
plane of the object (i.e., in-plane uniformity) or 
5 decrease the etching rate. To prevent such undesirable 

events, the maintenance of the baffle plate is effected 
at regular intervals, by either washing the plate or 
replacing it with a new one. If the process generates 
deposit in large quantities, however, the maintenance 

10 must be carried out more frequently. In this case, the 

throughput of the process will decrease. 

Disclosure of the Invention 
The object of the invention is to provide a novel/ 
improved process apparatus in which the slits of the 

15 baffle plate are hardly narrowed with deposit on the 

chamber side, an atmosphere of a prescribed pressure 
can therefore be maintained in the process chamber 
for a long time (that is, the process time can be 
lengthened without changing the process conditions), 

20 and the maintenance cycle of the baffle plate can be 

thereby extended to enhance the throughput of the 
process . 

To attain the object, a process apparatus 
according to the present invention includes an airtight 
25 process vessel, an exhaust system for exhausting gas 

from the process vessel, and a baffle plate for 
partitioning the process vessel into a process chamber 



for processing an object and an exhaust passage 
communicating with the exhaust system. The baffle 
plate has a plurality of slits through which the 
process chamber and the exhaust passage communicate 
with each other, and each of the slits has a tapered 
surface on an inner surface toward the process chamber, 
the tapered surface being formed to not less than 1/4 
of a depth of the slit. 

In particular, when the tapered surface is not 
less than 1/2 of the depth of the slit, it is 
preferable that angle 8 between the tapered surface 
and a perpendicular crossing an open end of the slit 
at right angles fall within a range from 5° to 30° 
(5° ^ 6 ^ 30° ). 

When each slit has an enlarged opening facing the 
exhaust passage, extending from an opening rim of the 
slit, which faces the exhaust passage, toward the 
process chamber, and having an inside diameter which is 
larger than the minimum inside diameter of a process- 
chamber-side portion of the slit on which the tapered 
surface is formed, it is preferable that the tapered 
surface and the enlarged opening be each formed to 1/4 
to 1/2 of the depth of the slit and angle 0 between the 
tapered surface and a perpendicular crossing an open 
end of the slit at right angles fall within a range 
from 30° to 60° (30° ^ 6 £ 60° ) . In this case, 
preferably, width Wl of an opening of the slit, which 



5 

faces the process chamber, and width W2 of an opening 
of the slit, which faces the exhaust passage, are set 
so as to satisfy a condition of 1 ^ W2/W1 ^ 1.4. 

Brief Description of Drawings 
FIG. 1 is a sectional view schematically showing 
an etching apparatus that is an embodiment of this 
invention; 

FIG. 2 is a magnified sectional view showing the 
edge of the lower electrode incorporated in the etching 
apparatus ; 

FIG. 3 is a plan view of the baffle plate provided 
in the etching apparatus; 

FIG. 4A is a magnified plan view of that side of 
the baffle plate which is exposed to the process 
chamber; 

FIG. 4B is a magnified plan view of that side of 
the baffle plate which is exposed to the exhaust 
passage; 

FIG. 4C is a sectional view, taken along line 
4C-4C in FIG. 4A; 

FIG. 5 is a sectional view illustrating the 
condition in which deposit lies on the baffle plate of 
FIG. 3; 

FIG. 6 is a sectional view showing the condition 
in which deposit lies on a conventional baffle plate; 

FIG. 7 is a graph representing how the pressure 
changed with process time during the experiments 
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conducted in a process chamber partitioned by the 
baffle plate of FIG. 3 and conducted in a process 
chamber partitioned by the conventional baffle plate; 

FIG. 8 is a graph illustrating how the etching 
rate changed with process time during the experiments 
conducted in a process chamber partitioned by the 
baffle plate of FIG. 3 and conducted in a process 
chamber partitioned by the conventional baffle plate; 

FIG. 9 is a graph showing how the uniformity of 
etching in the plane of an object changed with process 
time during the experiments conducted in a process 
chamber partitioned by the baffle plate of FIG. 3 and 
conducted in a process chamber partitioned by the 
conventional baffle plate; 

FIG. 10A is a magnified plan view depicting that 
surface of a modification of the baffle plate shown in 
FIG. 3, which is exposed to the process chamber; 

FIG. 10B is a magnified plan view showing that 
surface of the modification of the baffle plate shown 
in FIG. 3, which is exposed to the exhaust passage; and 

FIG. IOC is a sectional view taken along line 
10C-10C in FIG. 10; 

FIG. 11 is a plan view showing a baffle plate 
having slits of a modified shape. 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will now be 
described, with reference to the accompanying drawings. 



FIG. 1 shows a magnetron-type plasma etching 
apparatus that is a process apparatus according to the 
present invention. As shown in FIG. 1, the etching 
apparatus 100 has a process vessel 102 made of aluminum 
and connected to the ground. An oxide aluminum film 
has been formed on the process vessel 102 by means of , 
for example, anodic oxidation. A lower electrode 104 
is arranged in the process vessel 102. The lower 
electrode 104 serves as a susceptor that has a mounting 
surface on which an object to be processed, e.g., 
a semiconductor wafer W (hereinafter referred to as 
"wafer"), may be mounted. As FIGS. 1 and 2 show, the 
lower electrode 104 is covered, except for the mounting 
surface, with an insulating member 105 made of, for 
example, ceramics, and a conductive member 107 made of, 
for example, aluminum. The lower electrode 104 can be 
moved up and down as lifting shafts 106 are driven. 

Bellows 109 made of, for example, stainless steel 
are provided between the conductive member 107 and the 
process vessel 102. The conductive member 107 and 
process vessel 102 contact the bellows 109, with no 
aluminum film interposed between them and the bellows 
109 (or with an aluminum film removed). Therefore, the 
conductive member 107 is connected to the ground by the 
bellows 109 and the process vessel 102. A bellows 
cover 111 is provided, surrounding the conductive 
member 107 and bellows 109. As shown in FIG. 1, an 
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electrostatic chuck 110 connected to a high-voltage DC 
power supply 108 is provided on the mounting surface of 
the lower electrode 104, An insulating focus ring 112 
is arranged, surrounding the electrostatic chuck 110. 
5 A high-frequency power supply 118 for outputting high- 

frequency power is connected to a matching device 116, 
which in turn is connected to the lower electrode 104, 

An upper electrode 12 6 is provided on the inner 
surface of the process vessel 102, which opposes the 

10 mounting surface of the lower electrode 104. The upper 

electrode 126 has a number of gas outlet holes 126a. 
The gas outlet holes 12 6a communicate with a gas- 
supplying source 150 that supplies process gas. 
The process gas supplied from the gas-supplying source 

15 150 is therefore introduced into a process chamber 

122 through the gas outlet holes 12 6a. An exhaust 
pipe 128 is connected, at one end, to a lower port of 
the process vessel 102 and, at the other end, to an 
evacuation mechanism 152. A magnet 130 is arranged 

20 outside the process vessel 102, for confining plasma 

generated between the lower electrode 104 and the upper 
electrode 126. 

As shown in FIGS. 1 and 2, a baffle plate 120 is 
arranged beside the lower electrode 104, partitioning 

25 the interior of the process vessel into the process 

chamber 122 for processing the wafer and the exhaust 
passage 124 communicating with the exhaust pipe 128. 



The baffle plate 120 is located between the 
circumferential surface of the lower electrode 104 
and the inner surface of the process vessel 102 and 
surrounds the lower electrode 104. More specifically, 
5 the baffle plate 120 is clamped between the focus ring 

112 and the conductive member 107. As shown in FIG. 2, 
the plate 120 is secured to the top of the conductive 
member 107 by electrically conductive screws 121. 

Like the conventional baffle plate, the baffle 

10 plate 120 is made of electrically conductive material 

such as aluminum and has a surface oxidized by anodic 
oxidation. The baffle plate 120 and the conductive 
member 107 contact each other, with no aluminum oxide 
film interposed between them. In other words, the 

15 aluminum oxide film has been removed from that part of 

the plate 120 which contacts the conductive member 107. 
The baffle plate 120 is therefore connected to the 
ground by the conductive member 107, bellows 109 and 
process vessel 102 and remains at almost the same 

20 potential (ground potential) as the inner wall of the 

process vessel 102. As a result, the baffle plate 120 
and the inner wall of the vessel 102, which is located 
above the baffle plate 120, function as counter 
electrodes of the lower electrode 104. Plasma can, 

25 therefore, be confined in a space above the baffle 

plate 120, that is, within the process chamber 122. 

As FIG. 3 shows in detail, the baffle plate 120 
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is shaped almost like a ring. The plate 120 has 
a thickness that falls within the range from 1 mm to 
20 mm. In the present embodiment, the plate 12 0 is 
3 mm thick. The baffle plate 120 has a plurality of 
5 slits, e.g., 360 slits 120a arranged on the entire 

circumferential surface of the plate 120 in order to 
cause the process chamber 122 and exhaust passage 124 
to communicate with each other when the baffle plate 
120 is mounted on the lower electrode 104. More 

10 precisely, the slits 120a extend in radial directions 

of the baffle plate 120. The number of slits 120a can 
be changed to any value, ranging from 180 to 540, in 
accordance with the process apparatus to which the 
baffle plate 120 is applied. 

15 The slits 120a (arranged in the radial directions 

of the baffle plate 120) have a length that falls 
within the range from 35 mm to 45 mm. In the present 
embodiment, the length is set to 41 mm. The slits 120a 
have a width that falls within the range from 0.5 mm to 

2 0 2.5 mm. In the present embodiment, the width is set to 

1.6 mm. The area of the opening of each slit 120a, 
which faces the process chamber 122, is 25% to 75% of 
that of the surface (top) of the baffle plate 120 which 
faces the chamber 122. In the present embodiment, it 

25 is set to 54%. 

As FIG. 1 illustrates, when the baffle plate 120 
is arranged between the side of the lower electrode 



104 and the inner surface of the process vessel 102, 
only the minimum gap, which does not prevent the lower 
electrode 104 from moving up and down, is formed 
between the outer surface of the baffle plate 120 and 
the inner surface of the process vessel 102. The gas 
in the process chamber 122 is therefore exhausted from 
the exhaust passage 124 into an exhaust pipe 128 only 
through the slits 120a of the baffle plate 120. 

As shown in FIGS. 3 and 4A to 4C, each of the 
slits 120a has a tapered surface 132 toward the process 
chamber 122. The tapered surface 132 extends in the 
radial direction of the baffle plate 120 on either side 
of the slit 120a and inclines from the rim of the slit 
120a, which faces the process chamber 122, toward the 
exhaust passage 124 in which direction the opening of 
the slit 120a is narrowed. As FIG. 4C shows, the 
distance (hereinafter referred to as "taper depth") 
h between an open end 132a of the slit 12 0a, which 
opposes the process chamber 122, and a region 132b 
surrounded by the lower rim 132c of the tapered surface 
132, is substantially not less than half the distance 
(hereinafter referred to as "slit depth") H between the 
open end 132a and the other open end 134 of the slit 
120a, which opposes the exhaust passage 124. In the 
present embodiment, the taper depth h is set to three 
fourths of the slit depth H. The angle (hereinafter 
referred to as "taper angle") 6 between the tapered 



surface 132 and a perpendicular 136 (a line crossing 
the open ends 132a and 134 at right angles) falls 
within the range from 5° to 30° (5° ^ 6 ^ 30° ). 
In the present embodiment, the angle 6 is set to 10° . 

FIG. 6 shows an example of deposit a deposited on 
a conventional baffle plate X. As shown, in the baffle 
plate X, each slit S has a tapered surface T toward the 
process chamber, and the tapered surface T is formed by 
chamfering in order to prevent the rim of the slit S 
from being damaged due to a plasma atmosphere. In this 
case, the taper depth h of the taper surface T is about 
one sixth of the slit depth H, while the taper angle d 
of the tapered surface T is 45° . Therefore, the 
deposit a greatly juts into the slit S and the inside 
diameter Rl of the slit S is shortened in a short time 
(FIG. 6 shows the condition in which the inside 
diameter Rl of the slit S is decreased to R2 by the 
deposit a) . The flow rate of gas passing through the 
slit S lowers in a relatively short time, and the 
pressure in the process chamber rises in a relatively 
short time. In other words, the uniformity of etching 
in the plane of a wafer W (in-plane uniformity) 
deteriorates in a relatively short time and the etching 
rate decreases in a short time, too. Consequently, the 
maintenance of the baffle plate X must be carried out 
more frequently, and the throughput of the process will 
decrease . 
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FIG* 5 shows an example of a deposit a deposited 
on the baffle plate 120 of the present embodiment. 
If, as shown, the taper depth h is not less than half 
the slit depth H and the taper angle 6 ranges from 5° 
to 30° (5° ^ 8 ^ 30° ), the deposit a is deposited 
gradually from the top of the tapered surface 132. 
The opening of the slit 120a, which faces the process 
chamber 122, is hardly narrowed by the deposit a, and 
it takes a considerably long time to make the inside 
diameter of the slit 12 0a smaller than the prescribed 
value Rl. In other words, the gas in the process 
chamber 122 is allowed to pass through the slit 120a 
without resistance for a long time, and a given 
pressure is maintained in the process chamber 122 for 
a long time (the process time can be lengthened more 
than the conventional one without changing any process 
conditions). Consequently, the uniformity of etching 
in the plane of the wafer W (in-plane uniformity) is 
maintained for a long time, as is the high etching 
rate. The maintenance cycle of the baffle plate 120 
can be extended to enhance the throughput of the 
process (by securing a long time for which the baffle 
plate 120 can be processed continuously without 
maintenance or exchange). The following are 
experimental data to support the advantages of the 
baffle plate 120 of the present invention. 
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EXPERIMENTAL DATA 
The experiment was performed under the same 
process (etching) conditions when two baffle plates to 
be compared were attached separately to the same plasma 
5 etching apparatus 100 (see FIG- 1). 

[Objects to be Compared] 

* Baffle plate 120 of the present invention (see 
FIGS. 3 and 4) 

Taper depth h ... 3/4 of slit depth H 
10 Taper angle 8 ... 10° 

* Conventional baffle plate X (see FIG. 6) 

Taper depth h ... 1/6 of slit depth H 
Taper angle d ... 45° 

Note: The conventional baffle plate X is the same 
15 as the baffle plate 120 except for taper depth h and 

taper angle 0 . 
[Process Conditions] 

* Object to be processed: 200 mm-diameter semiconductor 
wafer W made of silicon (Si), on the surface of which a 

20 silicon oxide film (Si02 film) to be etched is formed. 

* Etching gas: a mixture of C4F8 having a flow rate of 
16 seem, CO having a flow rate of 300 seem, and Ar 
having a flow rate of 400 seem. 

* Temperature of mounting surface of lower electrode 
25 104 : 20°C 

* Temperature of inner surface of process vessel 102 
including upper electrode 126: 60°C 
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* High-frequency power applied to lower electrode 104: 
13.56 MHz, 1700W 

Experimental Data 1 
FIG. 7 shows variations in pressure in process 
5 chamber 122 with process time. 

(Analysis ) 

In the process of etching a silicon oxide film 
using C4Fg/ CO and Ar, both the etching rate and 
in-plane uniformity decrease when the pressure 

10 atmosphere in the process chamber 122 is 65 mTorr or 

higher in substance. The time required until the 
pressure atmosphere reaches 65 mTorr therefore 
corresponds to continuous process time. 

As shown, when the baffle plate 120 of the present 

15 invention (present embodiment) was used, the pressure 

atmosphere in the process chamber 122 arrived at 
65 mTorr in about 85 hours. In contrast, when the 
conventional baffle plate X was employed, the pressure 
atmosphere arrived at 65 mTorr in about 4 0 hours. 

20 Though not shown, even when only the taper depth h 

was 1/2 and 1/1 of the slit depth H with the taper 
angle 6 of the tapered surface 132 at 10° , the process 
time required until the pressure atmosphere in the 
process chamber 122 reached 65 mTorr, was 70 hours or 

25 more in either case. Furthermore, even when only the 

taper angle 0 was set at 5° , 10° , 15° , 20° , 25° and 
30° with the taper depth h of the tapered surface 132 
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3/4 of the slit depth H, the process time required 
until the pressure atmosphere in the process chamber 
122 reached 65 mTorr, was 60 hours or more in either 
case . 
5 (Conclusion ) 

If, as the above results, the taper depth h of the 
tapered surface 132 is set properly within the range of 
1/2 to 1/1 of the slit depth H or the taper angle 6 is 
set properly within the range of 5° to 30° , the 

10 continuous process time can be extended more greatly 

than using the conventional baffle plate X. If , in 
particular, the baffle plate 120 is used, the 
continuous process time can be extended two or more 
times as long as that in the case of the conventional 

15 baffle plate. 

Experimental Data 2 
FIG. 8 shows variations in etching rate with 
process time. 
(Analysis ) 

20 When the baffle plate 120 of the present invention 

(present embodiment) was used as shown, the etching 
process could be performed at a high etching rate of 
about 270 nm per minute if the process time. did. not 
exceed about 100 hours. In contrast, when the 

25 conventional baffle plate X was used, the etching 

process could be performed at the same etching rate as 
that of the present invention if the process time did 
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not exceed about 4 0 hours; however, the etching rate 
lowered abruptly immediately after the process time 
exceeded 40 hours. 
(Conclusion ) 

5 If the baffle plate 120 is used, a desired uniform 

etching rate can be achieved even after a lapse of 
process time which is two or more times as long as that 
in the case of the conventional baffle plate X. 

Experimental Data 3 

10 FIG. 9 shows variations in in-plane uniformity 

with process time. Values of the in-plane uniformity 
were obtained from the following equation using the 
maximum and minimum values A and B of etching rates 
measured at a plurality of measurement points on the 

15 surface of the wafer W to be processed (including the 

center of the surface). 

(in-plane uniformity) = ± { ( A-B) / ( A+B) } X 100 [%] 
As is evident from the above equation, the in-plane 
uniformity indicates variations in etching rate on 

20 the entire surface of the wafer W to be processed 

(percentage of the maximum values or the minimum values 
deviating from the average value). The smaller the 
value of the in-plane uniformity, the higher the 
uniformity. 

25 (Analysis) 

When the baffle plate 120 of the present invention 
(present embodiment) was used as shown, the in-plane 
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uniformity of ±5% could be obtained if the process time 
did not exceed about 80 hours. In contrast , when the 
conventional baffle plate X was used, the same in-plane 
uniformity as that of the present invention could be 
obtained if the process time did not exceed about 
20 hours; however, the value of the in-plane uniformity 
increased when the process time exceeded 20 hours and 
it increased abruptly immediately after the process 
time exceeded 40 hours. 
(Conclusion) 

If the baffle plate 120 is used, prescribed in- 
plane-uniformity can be achieved even after a lapse of 
process time which is four or more times as long as 
that in the case of the conventional baffle plate X* 

As has been described above, in the baffle plate 
120 of the etching apparatus 100 according to the 
present embodiment, the taper depth h of the tapered 
surface 132 is set not less than half the slit depth H 
and the taper angle 6 falls within the range from 5° 
to 30° (5° ^ 0 ^ 30° )• Since the depth of the 
taper surface 132 is considerably greater (1/2 or more 
of the slit depth H in substance), the area of the 
tapered surface can be enlarged more greatly than that 
of the conventional baffle plate X, keeping the 
conductance of the process chamber 122 and exhaust 
passage 124 in prescribed conditions. Since, moreover, 
the taper angle 6 falls within the range from 5° to 



% 



19 

30° (5° ^ 0 30° ), a deposit is formed effectively on 
the tapered surface 132. 

Therefore, a deposit such as a reaction product is 
formed on the baffle plate 120 in sequence from the top 
5 of the tapered surface 132, and the openings of the 

slits 120a, which face the process chamber 122, are 
hardly narrowed by the deposit. For this reason, 
gas in the process chamber 122 can be caused to pass 
through the slits 120a for a long time without 

10 resistance and a given process pressure is maintained 

in the process chamber 122 for a long time (it is 
possible to extend time required until a pressure 
atmosphere of the process chamber 122 increases due 
to clogging of the slits 120a). In other words, 

15 the process time can be extended longer than that in 

the prior art without changing process conditions. 
Consequently, as is evident from the above experimental 
data, the in-plane uniformity and etching rate of the 
wafer W can be maintained high for a long time, and 

20 the maintenance cycle of the baffle plate 120 can be 

extended more greatly than that in the prior art to 
improve the throughput of the process. 

In the present embodiment, the inside diameter of 
each slit 120a is not increased but the slit 120a has 

25 a large tapered surface 132 with a given depth and 

angle which opposes the process chamber 122. Thus, 
the process time can be extended without exercising 



an influence on the conductance in the process chamber 
122 and exhaust passage 124. 

FIGS. 10A to IOC illustrate a modification to the 
baffle plate of the embodiment described above. 

In a baffle plate 200 of the modification shown in 
FIGS. 10A to 10C, a plurality of slits 200a are 
arranged on the entire circumferential surface of the 
plate 200 in order to cause the process chamber 122 and 
exhaust passage 124 to communicate with each other when 
the baffle plate 200 is mounted on the lower electrode 
104. More specifically, the slits 200a extend in 
radial directions of the baffle plate 200. As shown 
in FIGS. 10A and 10C, each of the slits 200a has a 
tapered surface 202 toward the process chamber 122. 
As illustrated in FIGS. 10B and 10C, an enlarged 
opening 204 is provided toward the exhaust passage 124 
of the slits 200a. 

As FIGS. 10A and 10C illustrate, the tapered 
surface 202 extends in the radial direction of the 
baffle plate 200 on either side of the slit 200a and 
inclines from the rim of the slit 200a, which faces 
the process chamber 122, toward the exhaust passage 
124 in which direction the opening of the slit 200a is 
narrowed. The distance between an open end 202a of 
the slit 200a, which opposes the process chamber 122, 
and a region 202b surrounded by the lower rim 202c of 
the tapered surface 202, i.e., the taper depth hi is 
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substantially 1/4 to 1/2 of the distance between the 
open end 202a and the other open end 204a of the slit 
200a (enlarged opening 204), which opposes the exhaust 
passage 124, i.e., the slit depth H . In the present 
5 modification, the taper depth hi is set to one third 

of the slit depth H. The angle between the tapered 
surface 202 and a perpendicular 206, i.e., the 
( taper angle 0 falls within the range from 30° to 60° 

(30° ^ 0 ^ 60° ) in substance. In the present 

10 modification, the angle 0 is set to 45° . 

As FIGS. 10B and IOC illustrate, the enlarged 
opening 204 is shaped almost like a trench and formed, 
along the radial direction of the baffle plate 200 
alongside the exhaust passage 124 of the slit 200a. 

15 The distance h2 between the open end 204a of the 

opening 204, which opposes the exhaust passage 124, and 
- a region 2 04b surrounded by a bottom rim 204c of the 

opening 204 (hereinafter referred to as "enlarged 
opening depth") is 1/4 to 1/2 of the slit depth H in 

20 substance. Particularly, in the present modification, 

the distance h2 is set to 1/2 of the slit depth H. The 
area of the open end 2 04a of the enlarged opening 204 
is set larger than that of the region 2 02b of the lower 
rim 202c of the tapered surface 202. Moreover, the 

25 width Wl of the slit 200a, which faces the process 

chamber 122, and the width W2 of the slit 200a, which 
faces the exhaust passage 124, are set so as to satisfy 



the condition of 1 ^ W2/W1 ^ 1.4 in substance. 
Particularly , in the present modification, W2/W1 is set 
at 1.2. 

That portion of the slit 200a with the tapered 
surface 202 which faces the process chamber 122 and 
that portion of the slit 200a with the enlarged opening 
204 which faces the exhaust passage 124 communicate 
with each other through a passage 2 08 having the same 
section and size as those of the region 202b surrounded 
by the lower rim 202c of the tapered surface 202. 

The baffle plate 200 having the above-described 
structure was applied to the etching apparatus 100 
shown in FIG. 1 and the wafer W (which is identical 
with that used in the above experiments) was processed 
by etching under the same process conditions as those 
of the above experiments. It was 60 hours or longer 
before the pressure atmosphere in the process chamber 
122 reached 65 mTorr. Even when the same experiments 
were carried out by changing only the taper angle 6 of 
the tapered surface to 30° , 40° , 50° and 60° , it was 
60 hours or longer before the pressure atmosphere in 
the process chamber 122 reached 65 mTorr in each case. 
If, therefore, the taper angle 0 of the tapered surface 
202 is properly set within the range from 30° to 60° 
in substance in the baffle plate 200 having the 
enlarged opening 204, the continuous process time can 
be extended more greatly than using the conventional 
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baffle plate X, Further, even when the same 
experiments were performed by changing only the value 
of W2/W1 to 1 and 1.4, it was 60 hours or longer before 
the pressure atmosphere in the process chamber 122 
5 reached 65 mTorr in either case. If, therefore, W2/W1 

is properly set within the range from 1 to 1 . 4 in 
substance in the baffle plate 200 having the enlarged 
opening 204, the continuous process time can be 
extended more greatly than using the conventional 

10 baffle plate X. 

As described above, in the baffle plate 200 
according to the present modification, the taper depth 
hi of the tapered surface 202 is 1/4 to 1/2 of the slit 
depth H and the taper angle 0 falls, within the range 

15 from 30° to 60° (30° ^ 0 ^ 60° ) . The depth of the 

tapered surface 202 is therefore considerably greater, 
the area of the tapered surface can be enlarged more 
greatly than that of the conventional baffle plate X, 
keeping the conductance of the process chamber 122 and 

20 exhaust passage 124 in prescribed conditions. Since, 

moreover, the taper angle 0 falls within the range from 
30° to 60° (30° ^ 0 ^ 60° ), a deposit is formed 
effectively on the tapered surface 202. 

Therefore, a deposit such as a reaction product is 

25 formed on the baffle plate 200 in sequence from the top 

of the tapered surface 202, and the openings of the 
slits 200a, which face the process chamber 122, are 



hardly narrowed by the deposit. For this reason, 
gas in the process chamber 122 can be caused to pass 
through the slits 200a for a long time without 
resistance and a given process pressure is maintained 
in the process chamber 122 for a long time. In other 
words, the process time can be extended longer than 
that in the prior art without changing process 
conditions. Consequently, the in-plane uniformity and 
etching rate of the wafer W can be maintained high for 
a long time, and the maintenance cycle of the baffle 
plate 200 can be extended more greatly than that in the 
prior art to improve the throughput of the process. 

In particular, the baffle plate 200 of the present 
modification has the enlarged opening 204 having a 
large opening area toward the exhaust passage 124 of 
the slit 200a and the depth h2 of the enlarged opening 
is set to 1/4 to 1/2 of the slit depth H in substance. 
Consequently, a small-diameter portion in the slit 200a 
on which a deposit is easily formed, can be decreased, 
and time can be extended further until the process 
chamber 122 increases in pressure. Since, in the 
present modification, the area of the open end 204a of 
the enlarged opening 204 is set larger than that of the 
region 202b surrounded by the lower rim 202c of the 
tapered surface 202, gas can be uniformly guided to the 
exhaust passage 124 through the slits 200 without any 
disturbance. 



According to the present modification, the width 
Wl of the slit 200a, which faces the process chamber 
122, and the width W2 of the slit 200a, which faces 
the exhaust passage 124, are set so as to satisfy the 
condition of 1 ^ W2/W1 ^ 1.4 in substance. Therefore, 
time can be extended further until the opening of 
the slit 200a is narrowed by the deposit, without 
exercising an influence on the conductance in the 
process chamber 122 and exhaust passage 124. 

In the present modification, that portion of the 
slit 200a with the tapered surface 202 which faces the 
process chamber 122 and that portion of the slit 200a 
with the enlarged opening 204 which faces the exhaust 
passage 124 communicate with each other through the 
passage 208 having the same section and size as those 
of the region 202b surrounded by the lower rim 202c 
of the tapered surface 202. The conductance in the 
process chamber 122 and exhaust passage 124 can thus be 
maintained in a desired condition even though the slit 
200a is provided with the tapered surface 202 and 
enlarged opening 204. 

The present invention is not limited to the 
foregoing embodiment and modification. It is needless 
to say that various changes and modifications can be 
made without departing from the scope of the subject 
matter of the present invention. In the above 
embodiment, the width of the slit 120a is constant on 
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both the inner and outer sides of the baffle plate 120; 
however, it can be varied as shown in FIG. 11. In the 
example of FIG* 11, width W4 on the outer side is set 
greater than width W3 on the inner side. In the above 
5 embodiment and modification, corner portions are formed 

at the upper rim (opening rim) of the tapered surface 
132 (202), the lower rim 132c (202c) of the tapered 
surface 132 (202), the bottom of the enlarged opening 
204, and the open end 2 04a of the opening 2 04; however, 

10 these corner portions can be chamfered. In the 

embodiment described above, the wafer is processed by, 
etching by C^Fq, CO and Ar. The present invention can 
be applied to another process apparatus such as a 
plasma CVD apparatus and a process of another object 

15 such as an LCD glass substrate. 



CLAIMS 

1. A process apparatus including an airtight 
process vessel, an exhaust system for exhausting gas 
from the process vessel, and a baffle plate for 
partitioning the process vessel into a process chamber 
for processing an object and an exhaust passage 
communicating with the exhaust system, 

wherein the baffle plate has a plurality of slits 
through which the process chamber and the exhaust 
passage communicate with each other; and 

each slit has a tapered surface on an inner 
surface toward the process chamber, the tapered surface 
being formed to not less than 1/4 of a depth of the 
slit . 

2. The process apparatus according to claim 1, 
wherein the tapered surface is formed to not less than 
1/2 of the depth of the slit. 

3. The process apparatus according to claim 2, 
wherein the baffle plate is shaped like a ring, and the 
plurality of slits are arranged radially on an entire 
circumferential surface of the baffle plate. 

4. The process apparatus according to claim 2, 
wherein each slit extends in a radial direction of the 
baffle plate, and the tapered surface extends in the 
radial direction of the baffle plate on either side of 
the slit and inclines from an opening rim of the slit, 
which faces the process chamber, toward the exhaust 
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passage in which direction the opening of the slit is 
narrowed . 

5. The process apparatus according to claim 2, 
wherein an angle 6 between the tapered surface and 

a perpendicular crossing an open end of the slit at 
right angles falls within a range from 5° to 30° 
(5° ^ 6 ^ 30° ). 

6. The process apparatus according to claim 1, 
wherein each slit has an enlarged opening facing the 
exhaust passage, the enlarged opening extending from 
an opening rim of the slit, which faces the exhaust, 
passage, toward the process chamber and having an 
inside diameter which is larger than a minimum inside 
diameter of a process-chamber-side portion of the slit 
on which the tapered surface is formed, 

7. The process apparatus according to claim 6, 
wherein the tapered surface and the enlarged opening 
are each formed to 1/4 to 1/2 of the depth of the slit. 

8. The process apparatus according to claim 6, 
wherein the baffle plate is shaped like a ring, and the 
plurality of slits are arranged radially on an entire 
circumferential surface of the baffle plate. 

9. The process apparatus according to claim 6, 
wherein each slit extends in a radial direction of the 
baffle plate, and the tapered surface extends in the 
radial direction of the baffle plate on either side of 
the slit and inclines from an opening rim of the slit, 
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which faces the process chamber, toward the exhaust 
passage in which direction the opening of the slit 
narrowed . 

10. The process apparatus according to claim 9, 
wherein the enlarged opening and the process-chamber- 
side portion of the slit where the tapered surface is 
formed, communicate with each other through a passage 
having a same section and size as those of a region 
surrounded by an inner rim of the tapered surface, 

11. The process apparatus according to claim 6, 
wherein an angle Q between the tapered surface and 
a perpendicular crossing an open end of the slit at 
right angles falls within a range from 30° to 60° 
(30° ^ 6 ^ 60° ). 

12. The process apparatus according to claim 6, 
wherein a width Wl of an opening of the slit, which 
faces the process chamber, and a width W2 of an opening 
of the slit, which faces the exhaust passage, are set 
so as to satisfy a condition of 1 S W2/W1 ^ 1.4. 
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ABSTRACT 
The present invention provides a process apparatus 
100 including an airtight process vessel 102, an 
exhaust system 128 for exhausting gas from the process 
5 vessel 102, and a baffle plate 120 for partitioning 

the process vessel 102 into a process chamber 122 
for processing an object and an exhaust passage 124 
communicating with the exhaust system 128, the baffle 
plate 120 has a plurality of slits 120a through which 
10 the process chamber 122 and the exhaust passage 124 

communicate with each other, and each of the slits ,120a 
has a tapered surface 132 on an inner surface toward 
the process chamber , the tapered surface corresponding 
to not less than 1/4 of a depth of the slit. 
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